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Recrystallization Behavior of Ni-Based Superalloy under Sub-Solvus

Forging Process

Takashi NISHIMOTO and Takuma OKAJIMA

Synopsis

Generally, common alloys in lower-temperature usage require fine grains to enhance almost all mechanical properties.
Creating fine grains is also important for superalloys because they permit deformability in manufacturing by forging or rolling.
One method used to obtain fine grains relies on the pinning effect of coarse y' domains. In this study, the recrystallization
behavior of a Ni-based superalloy with coarse y' at sub-solvus temperatures was investigated experimentally. In over-ageing
conditions, coarse y' remained after low-temperature forging and static recrystallization was promoted after heat treatment. This
phenomenon was formulated by applying Avrami-type equations and the Sellars equation. As the result of analysis of KAM value
using EBSD, low crystallographic orientation distribution remained in old austenite grain without recovery. It was indicated that
the phenomenon had a relationship to promotion of static re-crystallization.
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Table 1. Chemical composition (mass %).

Material Ni Cr Co Mo w Al
AlloyA | Bal. | 16.0 | 20.0 | 3.0 2.5 4.0

Ti Nb Ta
1.5 15 0.9

1090 °C

Cooling rate: -10 °C/ h

950 °C
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v

Time / h
Fig. 1. Heat pattern of over aging condition.
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Fig. 2. Schematic of Rastegaev compression test.
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Fig. 3. Experimental procedure of compression and
reheating test.

Table 2. Experimental conditions of compression test.

Strain 0.4,1.0
Strain rate 05s™.
Forging and reheating 1020, 1040,
temperature 1060, 1080 C
Holding time 10800 ~ 72000 sec.
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Fig. 4. Optical photograph after the experiment.

Fig. 5. SEM image after over aging.
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Fig. 6. SEM image after the experiment.
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Fig. 7. Recrystallized area fraction of Alloy A with coarse
Y'(a)strain:0.4 (b) strain:1.0.
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Fig. 8. Recrystallized grain growth of Alloy A with coarse Y.
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Fig. 9. Area fraction of coarse y’ of Alloy A in experimental
condition.
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Fig. 10. KAM map of Alloy A after compression test.
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Fig. 11. Schematic of recrystallization mechanism in over-ageing conditions.
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